Abstract -In the framework of a nature conservation project in a wetland region of Meetkerke, Belgium, a comprehensive study was conducted to analyse and to compare species composition and diversity among wet grasslands under the six following types of agricultural land use: pastures used at high or low stocking rate, hayfields used at high or low mowing frequency, abandoned hayfields and hay pastures. The focus of the study was on the effects of grassland management on species diversity and on the restriction of occurrence of invasive clonal species. The results show that species importance was strongly related to grassland exploitation parameters and soil hydrological parameters, as shown by the ordination diagram drawn by canonical correspondence analysis (CCA). Species number and importance of non-leguminous dicotyledons were negatively correlated to intensity of use, N supply, water table depth and soil drainage. Phalaris arundinacea, an invasive species which might reduce species diversity, was better suppressed in grazed grassland than in mown grassland. Phalaris arundinacea and Cirsium arvense were most prevalent in abandoned hayfields. Grazing at low stocking rate was the best management technique to maximise plant diversity while restricting invasion by nitrophilous clonal species. Although species-rich and of high complementary value on a landscape scale, haylands mown at low frequency are at higher risk of invasion by clonal species. species richness / invasive species / grazing / mowing / wetland conservation
INTRODUCTION
A large body of research has demonstrated how land drainage and agricultural intensification have led to a loss of wetland habitat and species, over the past 30 years or more (Thompson and Finlayson, 2001 ). In response, agricultural policy in Europe has sought to adopt land management procedures that integrate the need for a viable agriculture with the need for conservation and enhancement of biodiversity.
The distribution of species and plant communities within a wetland is primarily a function of the depth of the groundwater table (Spence, 1982) . Moisture availability has often been shown to affect plant distribution and abundance in developing plant communities (Gosselink and Turner, 1978) , thus indicating the impact of soil drainage. However, management largely affects biodiversity as well and may be more important than abiotic factors as a driver of grassland biodiversity (Weyand, 2005) . Lowland grasslands in Flanders differ in their type of management (grazing, aftermath grazing, mowing) and their intensity of use (N supply, stocking rate, cutting frequency, timing of cuttings).
* Corresponding author: Dirk.Reheul@Ugent.be Most of the above-mentioned biodiversity drivers have been addressed separately in small-scale studies (see Weyand, 2005) but do not consider the potential threat of invasive species, whether native or not. Invasive species present a major challenge to ecological conservation (Williamson, 1996) . These species threaten natural communities directly by competing with and displacing desired native vegetation, decreasing species diversity, and changing the structure and functioning of some habitats. Houlahan and Findlay (2004) concluded that the key to the conservation of wetland biodiversity might be to discourage the spread of diversity-threatening community dominants, regardless of their geographical origin. Therefore, against a background of maximisation of plant diversity in wet grasslands, this study focused on the potentially invasive, nitrophilous clonal species Phalaris arundinacea, Elytrigia repens and Cirsium arvense. These species are able to outcompete less competitive and rare species in wetland communities as shown by, e.g. Galatowitsch et al. (2000) and Schooler et al. (2006) for P. arundinacea, Grace et al. (2001) for E. repens, and Stachion and Zimdahl (1980) and Nuzzo (1997) for C. arvense. The threat of these species results from both their nitrophilous status as well as from their clonal growth. Kolb et al. (2002) found that high nutrient availability is strongly correlated with invasion success in grasslands. As wetlands receive a large portion of N additions to the landscape via surface runoff and groundwater, these nitrophilous clonal species are a particular threat in wetland communities (Brinson and Malvarez, 2002) . Clonal growth predominates in invasive perennial weeds (Boose and Holt, 1999; Heger and Ludwig, 2003) . Advantages associated with the reliance on clonal growth for population expansion are (Lambrecht-McDowell and Radosevich, 2005) : (1) increased potential to access unevenly distributed resources, (2) increased capacity to recover from stresses, (3) rapid spread and competitive exclusion of other species, and (4) ability to change the spatial and/or temporal distribution of ramets.
The objectives of this study were (1) to explore the species composition and diversity of 99 wet grasslands, located in the lowland region "Meetkerkse Moeren" in Meetkerke (Belgium) in relation to various environmental conditions and types of grassland use, and (2) to determine the impact of land use on nitrophilous clonal species as potential invaders. The "Meetkerkse Moeren", a former peat-cutting region in the Middle Ages, is a contiguous mosaic of wet pastures, hay pastures and hay meadows which will be rehabilitated by reestablishment of proper hydrology. We studied grassland parcels that were mown, grazed or abandoned. This preliminary analysis may suggest management guidelines for preserving and enhancing biodiversity while preventing the competition of potentially invasive, nitrophilous clonal species.
MATERIALS AND METHODS

Study area
The study area consists of 140 hectares of contiguous grassland parcels in the wetland region of Meetkerke, a flat, lowlying area located near Brugge (province of West Flanders, Belgium, 51
• 15'E, 3
• 08'N), on a slightly acidic peaty (carbon level between 5 and 25%) sandy soil with a reduction horizon at a maximum depth of 1 m. The elevation of the area varies from 0.73 to 2.45 m above sea level. Ditch water level is maintained around 0.40 m above sea level. Over the last three decades, the mean air temperature was 9.1
• C and the mean annual precipitation was 708 mm (K.M.I. meteorological station in Beitem located near Brugge).
Rectangular grassland parcels are separated by water-filled ditches connected to broader watercourses. Most parcels are structurally homogeneous and exhibit a pattern of 0.2-0.3 m deep parallel drainage trenches (grips) set circa 5-10 m apart with a flat area between them. These small trenches carry only water during winter and early spring. Parcels are partly flooded in winter.
The study area encompassed 99 semi-natural permanent grassland parcels with a diverse grassland use, N supply, vegetation composition, water table depth and drainage class. The studied parcels were not resown for a minimum of ten years. All parcels were at least 0.5 ha. Parcels were relatively homogeneous in terms of vegetation composition, soil drainage class, elevation and water table depth.
Vegetation data
Botanical data of vascular plants were collected in 2006 during the months of June and July. Each parcel was recorded once. Hayfields with large species were recorded 30 days after mowing. The collected vegetation data comprised species presence, species importance and species number. The botanical composition of the vegetation was recorded following the combined frequency-rank method of De Vries (1948) . The combined frequency and rank determination was carried out in the field. For each species, species importance (I, expressed in %) was derived from their presence in sampling quadrats (10 cm × 10 cm). Sampling quadrats were distributed over the rectangular parcels at regular intervals along their diagonals and lines of symmetry. Sampling density was 120 quadrats per hectare. A sampling density of 120 quadrats per hectare was appropriate for an accurate estimation of species number per parcel: potential losses of unrecorded species were small (between 0 and 5% of total species numbers) as shown in a preliminary study on a species-poor and species-rich parcel in the study area. Presence of all species (species presence) within the sampling quadrat was noted. According to their contribution to total biomass, species were ranked as 1st, 2nd or 3rd by visual estimation. The total importance (I tot ) of a species in a particular parcel was calculated as a sum of products. Products were the number of times a species ranked first in all sampling quadrats multiplied by a weighting factor 3, the number of times a species ranked second multiplied by a factor 2 and the number of times a species ranked third multiplied by a factor 1. The percentage of importance of an individual species in that particular parcel (I%) was then calculated as the rate of I tot of that species to the sum of I tot of all occurring species. So, the percentage of importance of a species is a measurement of its contribution to the total biomass and is based on the visual ranking of the biomass contributed by the various plant species within each quadrat. Taxonomy follows van der Meijden (2005) .
Species were assigned to five plant categories: (i) nonleguminous dicotyledons; (ii) leguminous dicotyledons; (iii) grasses; (iv) rushes; (v) sedges. The I% of a plant category was calculated by adding the I% of all contributing species of that group. The important invasive species Phalaris arundinacea, Elytrigia repens and Cirsium arvense were considered separately.
For each grassland parcel, species number (defined as the number of species per parcel) was calculated as the number of species that were present in at least one sampling quadrat.
Explanatory variables
Data on nitrogen (N) application were obtained through direct personal interviews with the farmers. N supply was scored on a three-point scale (0 = no N supply; 1 = 0-100 kg N ha −1 ; 2 = 100-200 kg N ha −1 ). These N applications correspond with the maximum legally authorised nitrogen dressing of each grassland parcel. N was mostly supplied by slurry injection Table I . Elevation was measured in centimetres above sea level (a.s.l.) and extracted from a digital elevation model of Flanders, made with the technique of laser altimetry by the Ministry of the Flemish Community (VLM, 2002) . Elevation measurements were taken on a semi-regular grid with a mean distance between measurements of 5-10 m.
Water table depth on 15 April, and minimum and maximum water table depth (expressed as cm below soil surface) are average annual values over the three-year period [2002] [2003] [2004] . Measurements were taken every two weeks in 29 observation wells. These observation wells were evenly distributed over the study area, making sure different elevations were sampled. Water table depths of the 99 parcels were estimated by linear interpolation using datasets of bi-weekly recorded water table depths from nearby observation wells.
Agricultural grassland use was considered as a combination of management type (mowing and/or livestock grazing) and intensity (low or high intensity) of grassland use. Intensity was determined by stocking rate for grazing and cutting frequency for mowing. Data on stocking rate and cutting frequency in the years previous to this research were obtained through direct personal interviews with the farmers. The following six classes of grassland use were considered: (1) pastures used at high intensity, continuously grazed by beef and dairy cattle, exceptionally by horses, at a stocking rate of 3-4 livestock units (L.U.) per ha during the grazing season starting in April until the end of October (±190 days); (2) pastures used at low intensity, i.e. used as (1) but grazed at a stocking rate of a maximum of 2 L.U. ha −1 ; (3) hay pastures, mown in June followed by aftermath grazing in late summer at a stocking rate of a maximum of 2 L.U. ha −1 ; (4) hayfields used at high intensity, i.e. cut two to four times per year; (5) hayfields used at low intensity, i.e. cut once a year and (6) abandoned hayfields cut less than once per two years. Land use of each parcel had not changed for at least five years.
Statistical analysis
Differences in species number, species importance, N supply, water table depths (maximum, minimum, depth on 15 April), soil drainage class and elevation between the classes of grassland use were tested using a one-way ANOVA with unequal replications (SPSS11 for Windows); differences were tested for significance using least significant difference (LSD) tests at the 0.05 level. Effects of environmental quantitative variables were further analysed by means of a linear regression followed by t-tests.
Canonical correspondence analysis (CCA) was conducted to explore general patterns in the species composition of the grassland vegetations in the study area and to study the relationship between the species composition and explanatory variables (Jongman et al., 1995) . The CCA analyses were performed with CANOCO 4 software. A preliminary analysis of the data by detrended correspondence analysis (DCA) revealed the lengths of gradients for the first and the second DCA axes to be 3.5 and 3.4, respectively. Therefore, an analysis with the unimodal response model (i.e. CCA) was preferred over an analysis with the linear response model (i.e. RDA).
Seven explanatory variables were used in the analysis: the six ordinal environmental variables N supply, soil drainage class, elevation, minimum water table depth, maximum water  table depth and water table depth on 15 April, and one nominal variable, agricultural grassland use.
The default options of CANOCO software were applied except that all percentage data of individual species were log 10 (x + 1) transformed and rare species were downweighted.
RESULTS AND DISCUSSION
The distribution of the different grassland types with their specific abiotic characteristics is given in Table II . Nutrient levels and soil hydrological parameters differed significantly between different types of grassland use (Tab. II). Pastures and hayfields used at high intensity usually received high N supply. So, the more N fertiliser was used, the more often hay meadows were cut and the higher the stocking rate in pastures. Compared with intensively used grasslands, hayfields and pastures used at low intensity showed a significantly lower N supply. Generally, there were no significant differences in water between pastures used at high intensity and hayfields used at low intensity. The studied area was species-rich, with 107 species recorded at least once in the studied area (Tab. III). The abbreviations in Table III correspond with the abbreviations used in the ordination diagram in Figure 1b . The first CCA axis (x-axis) in Figures 1a and 1b captured 7.1% of the variation in the species composition and 35.8% of the variation in the species-environment relation; the second CCA axis (y-axis) captured a minor portion of the variations (3.1% and 19.1%, respectively). The arrow for an explanatory variable depicted in the ordination diagram points in the direction of maximum change of that explanatory variable, and its length is proportional to the rate of change in this direction. N supply and drainage class are the environmental variables that were most strongly correlated with the first axis (Fig. 1a, b and Tab. IV). There was also a good positive correlation with hayfields used at low intensity. Agricultural land use played a key role in determining the species composition in the study area, both strong positive (pastures used at low grazing intensity) and strong negative (hayfields used at high intensity) correlations with axis 2 being observed. So, we can infer that the first axis is a N supply and drainage gradient and that the second axis is separating pastures used at low intensity from hayfields, hay pastures and pastures used at high intensity. Figure 1a shows that species-poor plant communities were predominantly found in grasslands used at high intensity, irrespective of whether they were used as pastures or as hayfields. The species-richest communities were mainly found in hayfields used at a low cutting frequency followed by hay pastures. In general, species number was lowest in hayfields used at high intensity. Species-poor communities generally belonged to grasslands which received a high N supply. The highest species number was found in grasslands with no N supply.
Each arrow in Figure 1b determines an axis in the diagram and the species points must be projected onto this axis; the projection point of a species indicates the position of a species curve along an environmental variable. The sward of the wetlands in Meetkerke was a mosaic of mesotrophic grassland communities typical of old and wet hay meadows and pastures. The biplot ordination diagram shows that haylands used at high intensity were predominantly Lolium multiforum grasslands whilst pastures used at high intensity were mostly Lolium perenne leys. As can be derived from the biplot ordination diagram, most haylands used at low intensity were the so-called sedge meadows. Pastures used at low intensity were mostly Cynosurus cristatus grasslands and Potentilla anserina -Agrostis stolonifera grasslands. The development of species-rich Cynosurus cristatus grassland communities is often targeted by nature conservationists during the restoration of botanically-rich grazed wetlands. Cynosurus grasslands were found in parcels receiving low N supply; they grew mostly on moderately to poorly drained wet soils and were grazed at low stocking rate. The species number differed clearly in the six classes of grassland use (Tab. V). Grasslands used at high intensity were species-poorer than grassland used at low intensity, irrespective of whether they were grazed or mown. The grasslands with the highest species number were hayfields used at low intensity, followed by abandoned hayfields and pastures used at low intensity. The species number of hay pastures was intermediate between species numbers of pastures and hayfields. The species-poorest communities were found in hayfields used Figure 1 . Canonical correspondence analysis: ordination diagram based on species composition of 99 parcels. Explanatory variables are represented by arrows. Symbols represent parcels and species number is plotted for each parcel. Parcels are classified by land use: pastures used at high intensity (+), pastures used at low intensity ( ), hay pastures ( ), hayfields used at high intensity ( ), hayfields used at low intensity ( ), abandoned hayfields ( ). WTDmax: maximum water at high intensity followed by pastures used at high intensity. Although grazing wetlands at high stocking rates reduced species number compared with mowing at low intensity, no loss of biodiversity was found in the case of grazing at low stocking rates. According to Esselink et al. (2000) , livestock grazing with low to moderate stocking rates allows for selective grazing, which may induce a vegetation of enhanced botanical and structural diversity. The heterogeneity brought about by cow prints and heterogeneously distributed urine and dung patches, and uneven seed dispersal by animals, offers a higher diversity of available ecological niches (Duelli and Obrist, 2003) . This may promote species richness provided the pastures are not intensively grazed, offering plants with limited capacity the opportunity for regrowth and survival. Contrary to the results of Kahmen and Poschlod (2004) , species number in abandoned hayfields was not significantly smaller than in hayfields used at low intensity, despite the thick layer of dead plant material in the abandoned parcels. Most of these abandoned hayfields were only recently abandoned and were still sporadically mown. In the longer term, species number will probably further decrease due to the higher mortality of sub-canopy plants (Jacquemyn et al., 2003) .
Since land use categories only slightly differed in the pedohydrological parameters (see Tab. II), these parameters are not expected to interfere substantially with the observed responses of species diversity and community composition to agricultural land use.
Greater percentages of sedges and rushes (Tab. V) were significantly higher in hayfields, used at low or very low intensity, than in pastures and hay pastures. The importance of non-leguminous dicotyledons was significantly lower in grasslands used at high intensity than in grasslands used at low intensity and in abandoned hayfields. The importance of grasses was significantly lower in hayfields used at low or very low intensity than in pastures and hay pastures. Leguminous dicotyledons were significantly more important in pastures than in hayfields, irrespective of the intensity of grassland use.
The importance of P. arundinacea (Tab. V), was significantly lower in pastures than in abandoned or mown hayfields. Means (± SD) within a row followed by the same superscript do not differ significantly according to Fisher's LSD test (P < 0.05) Importance percentages of species and plant groups are expressed as log 10 (x + 1) transformed data.
Within hayfields the importance of P. arundinacea was significantly highest in abandoned hayfields. Paine and Ribic (2002) also found lower abundance of P. arundinacea in rotationally or continuously grazed pastures compared with unmown grassy vegetations. Pykälä (2005) showed a positive response of P. arundinacea to reduced mowing frequency and abandonment. E. repens (Tab. V) was significantly less important in pastures than in hay pastures and hayfields used at high intensity. The negative response of E. repens to grazing was also reported by Raven (1986) . Andresen et al. (1990) and Esselink et al. (2000) reported a positive response of Elytrigia repens to reduced grazing.
Hayfields with reduced cutting frequency (hayfields used at low intensity or abandoned) revealed a higher importance of C. arvense than pastures, hay pastures and hayfields used at high intensity (Tab. V). Pykälä (2005) also found the highest abundance in abandoned grasslands. Grekul (2003) reported that mowing once a year is ineffective in reducing the abundance of C. arvense.
Species number and importance of plant categories were not always significantly affected by soil hydrological parameters and N supply. Leguminous dicotyledons were negatively affected by drainage class and elevation. N supply, elevation, drainage class and water table depths were negatively related to species number and importance of non-leguminous dicotyledons (Tab. VI). Inversely, grasses were positively affected by these environmental variables. Rushes and sedges were negatively affected by N supply, drainage class and water table depth on 15 April.
The importance of the highly invasive species P. arundinacea was significantly reduced by high values of N supply and of soil hydrological parameters (Tab. VII). On the contrary, well-drained soils enhanced the importance of E. repens.
CONCLUSION
Species number and importance of plant categories were significantly affected by grassland use, N supply, water table depth and drainage class. Grazed or mown grassland used at high intensity was species-poorer than grazed or mown grassland used at low intensity. Non-leguminous dicotyledons, which are important for the biodiversity and aesthetic value of the grasslands, were more abundant in grasslands used at low intensity. Intensively used grasslands were grassier. Higher water levels were beneficial for species number. High N supply corresponded with the species-poorest grassland, irrespective of grassland use.
Nitrophilous clonal species are a particular threat in wetland grasslands for both nature conservationists and farmers. Significance: * P < 0.05, ** P < 0.01, *** P < 0.001, NS non significant -/+: negative/positive relation of linear regression equation. NS significance: * P < 0.05, ** P < 0.01, *** P < 0.001, NS non significant -/+: negative/positive relationship of linear regression equation.
The importance of P. arundinacea, a major invader of wetlands in temperate areas (Galatowitsch et al., 2000) , was best reduced by grazing or aftermath grazing. Grazing also substantially restricted Elytrigia repens. In low quality grasslands, cattle prefer these species when stems and leaves are young and succulent, but leave these species once stems become old and tough. In abandoned hayfields, the importance of the tall species Cirsium arvense and Phalaris arundinacea was the highest.
The results suggest that grazing at low stocking rate may reduce the competitiveness of the invasive species Phalaris arundinacea, Elytrigia repens and Cirsium arvense and allow survival of many grasses, rushes, sedges and forbs. The high plant diversity of parcels grazed at low stocking rate was probably the result of the more open canopy created by grazing and the reduction in competitiveness from Phalaris arundinacea and other aggressive species by selective grazing. Mowing hayfields once or twice a year is ineffective in controlling these nitrophilous rhizomatous invaders. This is probably due to the stimulation of additional stem production and suppression of the competitiveness of surrounding vegetation lacking big creeping underground rootstocks. Although high frequency mowing (more than 5 cuttings per year) might probably be more effective by continuous depletion of assimilates bound in the root system, weak and irregular accessibility of wet haylands makes this management unfeasible.
Hobbs and Humphries (1995) state that managing ecosystems to reduce their vulnerability to invasions may be a more effective strategy for invasive species control over the long term. Hence, in order to maximise plant diversity while controlling invasive species, wetland grassland is better maintained by grazing at low stocking rate than by mowing at low cutting frequency. Although at the landscape level, extensively mown sedge meadows are certainly complementary to extensively grazed C. cristatus pastures, they might entrain a higher risk of getting invaded by aggressive clonal species, which might threaten species richness. As long as wetlands receive large N additions via surface runoff and groundwater, flowerrich sedge meadows might remain threatened because of their vulnerability to invasive clonal species.
